Objectives. To evaluate the effect of presurgical symptoms characteristic of fibromyalgia on the postsurgical outcome of patients undergoing spinal surgery.
Methods. In this observational cohort study, participants were patients scheduled for spinal surgery, including cervical or lumbar laminectomy and foraminectomy. Presurgical evaluation included physical examination and manual dolorimetry. Questionnaires included the widespread pain index (WPI), symptom severity scale (SSS), and SF-36. Postsurgical evaluation performed at 10-12 weeks included questionnaires, physical examination, and dolorimetry.
Results. Forty patients (21 male, 19 female) were recruited. Four patients (10%) fulfilled American College of Rheumatology (ACR) 1990 fibromyalgia; nine patients fulfilled 2010 criteria (22.5%). Overall, a significant 34% reduction in WPI was observed postsurgically (P < 0.01), but no significant change was observed in SSS. Comparing outcomes for patients fulfilling and not fulfilling fibromyalgia criteria, fibromyalgia syndrome (FMS)-negative patients experienced highly significant reductions of both SSS and WPI (-50.1% and -42.9%, respectively, P < 0.01), while FMS-positive patients experienced no reduction of SSS symptoms and only a marginally significant reduction in WPI (-20.3%, P 5 0.04). A significant negative correlation was observed between results of presurgical WPI and change in physical role functioning SF-36 component postsurgically. A significant negative correlation was observed between presurgical SSS and change in composite physical functioning SF-36 component. Regression analysis demonstrated a difference in trend between FMS-positive and FMS-negative patients regarding postop changes in SSS, as well as a difference in trend regarding the general health role limitation due to emotional problems and pain components of the SF-36.
Conclusions. Fibromyalgia symptoms were highly prevalent among patients scheduled for spinal surgery. A negative correlation was observed between presurgical severity of fibromyalgia symptoms and components of postsurgical SF-36. Patients with symptoms typical of fibromyalgia may have a less favorable outcome after spinal surgery. The clinical utility of surgical intervention in such patients should be carefully evaluated, and treatment spe
Introduction
Chronic pain is one of the main indications for orthopedic and spinal surgery. Patients complaining of localized pain in the cervical, thoracic, and lumbar areas routinely undergo spinal imaging, which has the ability to detect a wide array of anatomical derangements. Such patients are subsequently evaluated for surgical interventions aimed at alleviating pain, preventing neurological damage, and improving quality of life. The functional outcome of such interventions varies, however, significantly between individual patients, and there is a notorious discrepancy between the severity of anatomical abnormality and the level of pain. Faced with this uncertainty, both surgeons and patients contemplating the surgical option are in need of clinical indicators that might predict the outcome of surgical procedures.
Fibromyalgia syndrome (FMS) is a clinical construct defining a spectrum of symptoms considered to represent manifestations of heightened processing and transmission of pain within the central nervous system [1] [2] [3] . While chronic widespread pain and tenderness are the classical defining expressions of FMS [4] , more recent views of FMS incorporate a spectrum of additional symptoms that include disturbed, unrefreshing sleep, chronic fatigue, troublesome cognitive impairments, abdominal pain, and depression [5, 6] . Chronic central nervous system sensitization, which may be the result of a genetic predisposition, as well as the outcome of various triggers [7, 2] , is considered to be the underlying unifying factor connecting these symptoms. Local pain generators are considered among the contributing factors that may trigger or exacerbate FMS, and some evidence indicates that removing a peripheral pain generator can lead to reversal of central sensitization in particular clinical setups [8] . On the other hand, both surgical spinal traumatization and postoperative immobilization are factors that could theoretically cause exacerbation of FMS symptoms. Moreover, surgically solving a local problem may not be significant in improving the quality of life of a patient afflicted with the spectrum of symptoms associated with FMS. Thus, both patients and surgeons are often hesitant regarding the decision to perform spinal surgery on an FMS patient, and data is necessary in order to address this clinical conundrum.
In view of this background, the objective of the current study was to evaluate the effect of FMS symptoms documented among patients scheduled for spinal surgery on the postsurgical outcome and to evaluate the effect of surgical intervention on core symptoms of FMS. Our hypothesis was that patients with presurgical FMS will have a less favorable postsurgical outcome and that FMS characteristics such as widespread pain and somatic symptoms will improve less among patients fulfilling FMS criteria.
Methods
The study was conducted at the spinal surgery unit of the Tel Aviv Medical Center, which is a tertiary referral center. Inclusion criteria included age 18 years or older, attendance at the clinic, and scheduled spinal surgery. Exclusion criteria included presence of an active malignancy (either intra-or extraspinal), surgery for spinal infection, and incapability of giving informed consent. All participating patients had been previously evaluated and considered eligible for spinal surgery based on the clinical judgment of the attending orthopedic surgeon or spinal neurosurgery specialist. Symptoms included chronic claudication without neurological deficit (for patients with lumbar pathology) and myelopathic symptoms for patients suffering from cervical pathology.
Surgical procedures included cervical or lumbar laminectomy and foraminectomy.
The study was approved by the institutional ethical review board, and all participants gave written informed consent.
Presurgical evaluation included physical examination and manual dolorimetry, thus documenting fulfillment of the 1990 ACR fibromyalgia classification criteria [4] . In addition, patients filled out questionnaires in order to document the presence of symptoms reflecting both widespread pain and other symptoms of the FMS clinical spectrum, as well as questionnaires related to the quality of life, including a VAS score, the widespread pain index (WPI), and the symptom severity scale (SSS), which have been introduced as part of the preliminary 2010-11 diagnostic criteria of fibromyalgia [5, 6] . Patients also filled out questionnaires documenting the impact of fibromyalgialike symptoms (FIQ; validated Hebrew version) [9, 10] and regarding health-related quality of life (SF-36) [11] . After calculating individual SF-36 scores, the physical component summary score and mental component summary score (PCS and MCS, respectively) were calculated, and changes in these scores were compared between patients fulfilling or not fulfilling FMS criteria.
Patients also filled out the arthritis impact measure scale (AIMS) anxiety component questionnaire [12] . Clinical information regarding past medical history, medications, surgical diagnosis, and planned surgical procedure were documented.
Ten to 12 weeks postsurgery, patients underwent follow-up evaluation, which included questionnaires, physical examination, and dolorimetric evaluation.
Using SAS software, Spearman correlations were calculated between the presurgery parameters (WPI and SSS) and the change in the various components of the SF-36 in order to evaluate the association between fibromyalgia symptoms observed before surgery and the outcome. P values under 0.05 were considered significant. Quality of life was assessed with the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36) questionnaire. This questionnaire was analyzed according to the conventional method of eight components: physical functioning, physical role functioning, bodily pain, general health perceptions, vitality, social role functioning, emotional role functioning, and mental health. These components grouped into two sets: the physical component summary (PCS) and the mental component summary (MCS). Each component is measured with a value ranging from 0 to 100, with 0 and 100 corresponding to the poorest and optimal health statuses, respectively. Repeated measures General linear model with a Greenhouse-Geisser correction was used to evaluate the differences between time points (post-vs presurgery) and association to morbidity (control group vs FM group). A significance level of 0.05 was adopted for all of the tests.
Results
Patients were consecutively recruited at a specialized neurosurgical clinic at a tertiary center. All patients scheduled for elective cervical or lumbar spinal surgery for nonmalignant indication were offered to participate in the study.
Forty patients (21 male, 19 female) were recruited. Any patient fulfilling either the 1990 criteria or the 2010 criteria was considered FMS positive for the purpose of postsurgical analysis. This dual classification of FMS patients was considered desirable at the current time, in view of the fact that the 2010 diagnostic criteria, while being increasingly utilized, have yet to be officially adopted by the ACR as replacing the 1990 classification criteria; notably significant differences remain between the patients identified by each set of criteria [13, 14] .
Four patients (10%) fulfilled ACR 1990 fibromyalgia criteria, whereas nine patients fulfilled the 2010 diagnostic criteria (22.5%). Only two patients (5%) fulfilled both sets of FMS criteria. Thirty-nine patients were available for postsurgical evaluation (one patient's procedure was canceled). Twenty-seven patients underwent lumbar spinal operation, and 12 underwent cervical operations. No short-term surgical complications occurred. When comparing demographic characteristics of patients fulfilling FMS criteria (N ¼ 11) with patients not fulfilling criteria (N ¼ 28) on presurgical evaluation, there was no significant difference in mean age (56.3 vs 60.1) or in body mass index (26.6 vs 27.2). Seventy-two point seven percent of patients fulfilling FMS criteria were female, compared with 39.3% of patients not fulfilling criteria. A significant difference was observed in the mean years of education between patients fulfilling FMS criteria (11 6 1.84) compared with patients not fulfilling criteria (14.2 6 3.5, P < 0.01).
In order to assess impact of surgical intervention on the core symptoms of FMS, the WPI, SSS, and AIMS were documented on presurgical and postsurgical evaluations. Table 2 presents these results. As shown, a significant reduction was observed in mean WPI; no significant change was observed in mean levels of SSS and AIMS.
In order to assess the impact of FMS symptoms on the outcome of surgery, we compared the presurgical and postsurgical SSS and WPI scores for patients fulfilling and not fulfilling FMS criteria. Table 3 presents the results of the comparison.
Subsequently, the association between FMS morbidity and post/presurgical changes in WPI, SSS, and AIMS scores was evaluated by generalized linear model (GLM) repeated-measurement model, with adjustment to surgical type (2) and without adjustment (1) . The results, shown in Table 2B , demonstrated a difference in the trend between the groups, with significance of 0.07 without adjustment for type of surgery and 0.06 with adjustment, respectively.
As demonstrated by the results, FMS-negative patients experienced highly significant reductions of both SSS and WPI after the surgical intervention. FMS-positive patients, on the other hand, experienced no reduction of SSS symptoms and only a mild marginally significant reduction in WPI results following surgery.
In order to assess the impact of presurgical FMS symptoms (expressed by the WPI and SSS scores) on the postsurgical health status of patients, we examined the correlation between the presurgical WPI and SSS scores and the change (delta) in SF-36 postsurgically. Using Spearman's correlation, we calculated the correlation between presurgical WPI and SSS and the change in each SF-36 component. Table 4 presents the results of this calculation.
As demonstrated by the results presented in the table, a significant negative correlation was observed between the results of the presurgical WPI, expressing widespread pain, and the change in the physical role correlations did not reach statistical significance. Subsequently, the association between FMS morbidity and outcomes of the SF-36 parameters at post vs presurgical evaluation was analyzed by GLM repeated measurement model. The results, presented in Table 5 , demonstrated a significant difference in trend between patients with and without FMS on presurgical evaluation regarding the general health component of the SF-36 (P ¼ 0.02).
A difference in trend was demonstrated between the groups regarding the role limitation due to emotional problems and pain score between groups, with P values of 0.09 and 0.12, respectively.
We further compared the change in the composite SF-36 scores, that is, the physical composite scale (PCS) and the mental composite scale (MCS), among patients fulfilling and not fulfilling FMS criteria on presurgical evaluation. As shown in Table 6 , a highly significant difference in trend was observed between FMS-negative patients, who experienced an improvement on the PCS, compared with FMS-negative patients, who experienced no significant change (P ¼ 0.001). A similar trend was observed regarding the MCS, but it did not reach statistical significance (P ¼ 0.19).
Discussion
In the current study, we have demonstrated the effect of chronic pain and characteristics of central sensitization on the outcome of spinal surgery. The results indicate that patients who demonstrated an easily ascertainable profile indicative of the presence of central Central sensitization is a neurophysiological concept developed over recent years to describe the condition in which the central nervous system undergoes changes that render it hypersensitive to pain processing and transmission. Originally coined by Woolf et al. [15] , the term has become a pivotal paradigm, used to explain the presumed pathogenesis of conditions in which chronic pain is a central characteristic, but in which a clear anatomical basis is not evident.
While fibromyalgia syndrome is the prototypical condition characterized by central sensitization [1, 2, 16] , research carried out in the FMS field has gradually become increasingly applicable to the study of chronic pain in general and bears relevance for patients not suffering from FMS per se. In addition, subsequent to the development of the 2010 proposed new diagnostic criteria for the diagnosis of FMS [17, 18] , which introduced the widespread pain index (WPI) and the symptom severity scale (SSS), these tools have been gaining popularity as a way to measure the extent to which nonfibromyalgia patients express fibromyalgia-reminiscent symptoms, a propensity described as "fibromyalgianess" [19] . This use expresses an evolving recognition that the neurophysiological properties underlying FMS are in fact a continuous spectrum, not a yes/ no situation, and that individuals can thus be described in terms of having "some" fibromyalgia, as opposed to exhibiting the full-blown clinical syndrome.
These paradigmatic changes in the understanding of the fibromyalgia syndrome are far more than semantic and carry great practical relevance. Thus, understanding that a particular population of patients may be stratified according to the degree of fibromyalgianess, using a small set of clinical characteristics, implies that patients might be differentially treated according to these parameters. Patients exhibiting a high level of fibromyalgianess are presumably more likely to respond favorably to treatment modalities that are effective for FMS (e.g., nonpharmacological interventions, as well as medications that effect pain transmission) while they are less likely to respond to treatment interventions directed at nociceptive generators of pain. In the current study, we have utilized this logic for the presurgical evaluation of patients undergoing spinal surgery. Since pain is a major indication for such interventions, evaluating (and anticipating) the factors that predict the response to intervention is a question of great practical importance.
Standard-of-care evaluation of individuals who are considered candidates for spinal surgery typically includes anatomical evaluation through imaging, neurological evaluations focused on documenting discrete deficits (e.g., EMG/NCV evaluation of radiculopathy), and clinical evaluation regarding the level of pain and disability. While these factors will undoubtedly continue to be important in the process of surgical decision-making, the results of the current study imply that additional factors may be worthy of evaluation. Thus, issues such as disturbed or unrefreshing sleep, symptoms of irritable bowel, difficulty with memory and concentration, and depression, which are components of the SSS, are all useful and easily attainable parameters to incorporate. In addition, evaluating (merely by questioning) the presence of widespread pain, including areas remote from the planned surgery, as is done in the WPI, is another simple suggestion. As highlighted by our results, female gender and lower educational status are additional factors that might be associated with symptoms of central sensitization.
Notably, these evaluations are basically without additional cost (aside from the cost of the few minutes necessary to complete the questionnaires) and thus could prove to be highly cost-effective, particularly in cases in which they might prevent or postpone surgical procedures, which may cost many thousands of dollars.
Why should symptoms of fibromyalgianess render a patient less likely to respond favorably to surgical intervention? From a theoretical standpoint, one might assume that a patient in whom central sensitization is the underlying process responsible for pain will continue to feel pain regardless of the specific anatomical derangements being corrected. This assumption is not, however, selfevident. Peripheral "pain generators," that is, nociceptive processes that generate ongoing pain, are considered to be among the triggers responsible for the initiation of fibromyalgia [20] [21] [22] . Moreover, intriguing studies have demonstrated that in some cases eliminating a peripheral pain generator (through successful surgical intervention) can reverse signs and symptoms of central sensitization [9, 23, 24] . On the other hand, the spinal column and particularly the cervical spine are areas that have been specifically linked with FMS, insomuch as demonstrating that cervical trauma [25] , cervical radiculopathy, and cervical disc herniation [26] can lead to FMS development. Thus, it is not inconceivable that removing a major pain-generating derangement in the (cervical) spine might lead to improvement, even in cases characterized by clinical symptoms of FMS. Heffez et al. have previously demonstrated that FMS patients suffering from cervical myelopathy had a significantly better outcome after surgical treatment than FMS patients treated conservatively [27] . On the other hand, in a recent review, the advantage of surgical over nonsurgical treatment in chronic neck pain was difficult to establish [28] .
Bedrest, immobilization, and periods of reduced physical activity all are factors that may exacerbate FMS symptoms [29] [30] [31] and are all typically experienced after spinal surgery. Moreover, surgery inevitably involves acute pain, which may be superimposed over chronic pain. Thus, there appears to be no clear theoretical possibility to accurately anticipate the impact of surgery on the outcome of a patient suffering from chronic pain and exhibiting characteristics of central sensitization.
In a recently published study, Brummett et al. addressed a similar issue to the one described in the current study [32] . Examining patients referred to a tertiary spine clinic who were candidates for spinal injection, they evaluated fibromyalgia-like symptoms and compared patients with and without such symptoms. Similarly, the same group has recently demonstrated that the FMS survey score is a predictor of poor outcome after knee arthroplasty, even among patients who fall beneath the threshold for a diagnosis of FMS [33] , as well as being a predictor of increased postoperative opioid consumption [34] . Similar results were found in women undergoing hysterectomy [35] .
Our study, however, is the first to look specifically at spinal surgery patients in this context, a population presumed to suffer from more serious local pathology.
Obvious limitations of the current study include the relatively small number of patients included, the inherent patient heterogeneity due to various surgical indications, and the relatively short period of follow-up. Assessing final and symptomatic outcome of surgical intervention years after the procedure may shed additional interesting as well as practical insight on the utility and the cost-benefit ratio of performing these interventions and is an issue worthy of further investigation. In addition, the heterogeneity of our patient population regarding cervical vs lumbar pathology constitutes a limitation, and more specific evaluation of patients suffering from specific spinal pathologies could be interesting.
It is important to note that the results of the current study should not be interpreted as prohibiting the performance of spinal surgery in patients, including clear cases of FMS, in whom surgery is indicated due to progressive neurological impairment. In such individuals, pain is inherently not the main indication for surgical intervention, and thus the spectrum of considerations is quite different. Obviously our results are similarly not relevant for patients suffering from neoplastic or infectious disorders involving the spine as well.
In conclusion, we have demonstrated a significant influence of FMS-like symptoms on the postsurgical outcome of patients undergoing spinal surgery. Patients with presurgical evidence of FMS-like symptoms experienced a less significant improvement in pain and no improvement in somatic symptoms (as evaluated by the SSS), as opposed to patents without evidence of FMS, who experienced significant improvement in pain and other symptoms. A negative correlation was demonstrated between presurgical widespread pain and postsurgical change in physical role functioning and between presurgical somatic symptoms and postsurgical composite physical functioning. Evidence of FMS-like symptoms may serve as a useful predictive factor in decision-making regarding spinal surgery and may be a cost-effective tool for predicting outcome. Further research is indicated in order to evaluate the interaction between various specific pathologies and surgical interventions and the impact of FMS.
